Abstract
Introduction
Uterine fibroids are the most common benign tumors of the female reproductive tract [1] . According to the trimester of assessment and the size threshold used, the prevalence of uterine fibroids among pregnant women ranges from less than 1% to 10.7% [2, 3] . As more and more women delay child bearing to later in life, the prevalence of uterine fibroids during pregnancy is likely to increase. The incidence of uterine fibroids increases with age [4] . At present, although there are a lot of research about the prevention and treatment of uterine fibroids [5, 6, 7] , the etiopatogenesis of uterine fibroids is still unclear [8, 9] .
There are conflicting data on the relationship between obstetric outcomes and uterine fibroids, and the mechanism by which fibroids influence obstetric outcomes is unclear. Some studies have shown a relationship between uterine fibroids and pregnancy complications, such as preterm birth, premature rupture of membranes (PROM), fetal malpresentation, placental abruption and intrauterine fetal demise [10, 11, 12] . In addition, uterine fibroids have been linked to labor dystocia, puerperal infection, operative vaginal delivery, cesarean delivery and postpartum hemorrhage (PPH) [2, 13] . In contrast, other studies have reported no increased risks for these adverse obstetric outcomes with uterine fibroids [14] . More recent studies have attempted to clarify these conflicting results by grouping fibroids by size and location [15, 16] , but those studies still obtained conflicting results due to their small sample sizes.
The objective of this study was to assess the impact of uterine fibroids on obstetric outcomes, especially the association between different characteristics of uterine fibroid and adverse obstetric outcomes.
Materials and methods
This was a multi-center, cross-sectional, retrospective survey of women who delivered at 39 hospitals (19 tertiary care hospitals and 20 secondary care hospitals) in 14 provinces in China, from January to December 2011. All participating facilities were chosen from seven territories of China using multistage stratified random sampling.
In the Chinese healthcare system, a tertiary hospital provides the highest level of medical service, and a secondary hospital provides a middle level of care. Primary care hospitals usually only provide low-level care and are not equipped to perform caesarean sections due to the lack of an emergency obstetric or neonatal care unit. Because most inpatients (94.4%) are admitted to tertiary and secondary hospitals, as reported in the China Statistical Yearbook 2013, all the institutions included in the present study have been selected between tertiary and secondary hospitals. In our research, all pregnant women took regular prenatal cares: once a month before 28 weeks, every two weeks between 28-36 weeks, once a week after 36 weeks. We obtained all maternal and fetal data, including maternal characteristics, gestational care, intrapartum care, delivery care, postpartum care, newborn baby care, ultrasonographic tests and laboratory tests through medical records review. The collected data included complications of gestation, mode of delivery and maternal and perinatal outcomes. In our study, alcohol assumption means alcohol use during pregnancy, current smoker means pregnant women using tobacco. Preterm delivery was defined as birth occurring between 28 and 37 weeks of gestation. Gestational diabetes mellitus (GDM) is defined as an abnormal glucose tolerance of varying degree that is detected for the first time during pregnancy. The diagnostic criteria of GDM are blood glucose levels during fasting and at the first hour and second hour after an oral glucose tolerance test (OGTT), with cut-offs of 5.1, 10.0, and 8.5 mmol/L (92, 180, and 153 mg/dl), respectively. Diabetes mellitus (DM) includes pregnant women with pre-existing type 1 or type 2 diabetes. Hypertensive disorder complicating pregnancy (HDCP) includes gestational hypertension, preeclampsia, eclampsia and chronic hypertension complicating pregnancy. Postpartum hemorrhage (PPH) is defined as estimated blood loss of more than 1000ml for cesarean and vaginal delivery. Low birth weight infant (LBW) is defined as birth weight less than 2500g. All pregnant women had a detailed ultrasound examination during 18 to 22 weeks. The detailed data of fibroids in these ultrasound examinations were collected for analysis. All sonographers have been properly trained and licensed in ultrasound. The uterine fibroid group included pregnant women with at least 1 fibroid. The control group included pregnant women with no ultrasonographically detected fibroids. The following clinical characteristics and adverse obstetric outcomes were analyzed: maternal age, gestational age at delivery, gravidity, parity, BMI, smoking status, alcohol assumption, GDM, DM, HDCP, previous preterm birth, cesarean delivery, preterm birth, breech presentation, premature rupture of membranes (PROM), placenta previa, placenta abruption, PPH and LBW. All medical records of pregnant women and their babies were reviewed and data extracted by a trained group of physicians before patients were discharged. All the data were recorded on a paper form, and then entered into computers and uploaded to the network database. Each sub-center of province/municipality/autonomous region sent three properly trained inspectors. They were responsible for training their own data-entry clerks in every sub-center. In every province/ municipality/autonomous region, two professionals who underwent the same training were in charge of the initial quality control. A professional staff member performed the second quality control process after the data had been uploaded to the database. This study was approved by the Ethics Committees of medical institutions (Capital Medical University Institutional Review), which involved and conformed to the guidelines of the Helsinki agreement and its amendments. The National Research Ethics Service had previously approved the anonymous use of these data for research purposes, so individual informed consent was not required. We obtained all clinical information by reviewing patient's clinical medical recording files retrospectively, not by face-to face or direct telephone calls. All participants' personal information, such as mother's name, phone number and home address, were eliminated from the survey to ensure patient privacy.
The statistical analysis was performed using SPSS version 22 software. Data are presented as percentages or means ±SD. The prevalence of obstetric complications was compared between pregnant women with fibroids and women without fibroids. Categorical variables were compared between groups using the chi-square or Fisher's exact test. P values were considered to be significant at < 0.05. Univariate analyses were performed separately for the assessment of the association between uterine fibroids and obstetric outcomes. The variables that were significantly associated with the outcome in the bivariate analysis (p < 0.05) were included in the multivariate logistic regression analysis to determine the relationships between uterine fibroids and the risks of different adverse obstetric outcomes, and the results are presented as adjusted ORs with corresponding 95% CIs.
Women with uterine fibroids were older and more likely to have a higher body mass index. Because of family planning and the one-child policy in China, primiparous women are very common in China. In our study, women with high gravidity and low parity were more likely to have uterine fibroids, and both of these differences were significant (p < 0.01). In addition, women with fibroids were more likely to be smokers and drinkers and more likely to have gestational diabetes mellitus (GDM), diabetes mellitus (DM) and hypertensive disorder complicating pregnancy (HDCP) than women without fibroids (Table 1) .
Among the women with uterine fibroids, 2606 had a uterine fibroid diameter of 5 cm or smaller, and 406 had a uterine fibroid diameter more than 5cm. Additionally, 2210 patients (73.4%) had a single fibroid, whereas 802 patients (26.6%) had multiple fibroids. Fibroids were found to be subserosal in 1948 patients (64.7%), submucosal in 1000 patients (33.2%), and intramural in 64 patient (2.1%).
The cesarean delivery rate for women with fibroids was 85.2% compared to 53.5% for the no fibroid group (P < 0.001). We were able to confirm the association between uterine fibroids and an increased risk for cesarean delivery (OR 2.2, 95%CI 2.1-2.3) even after excluding pregnancies with breech presentation, placenta previa and placental abruption which would by routine standard of care requires a cesarean delivery, and controlling for maternal age, parity, body mass index, hypertensive disorder complicating pregnancy, PROM, neonatal weight, gestational age at delivery determined by ultrasonography (adjusted OR 1.7, 95%CI 1.6-1.9). To evaluate the exact effect of uterine fibroid on cesarean section, a subgroup analysis was performed in which the cesarean section only by maternal request group has been removed. Among the subgroup of women who did cesarean delivery with indications, there were consistently higher rates of cesarean delivery for the uterine fibroids group compared with no fibroids group (OR 2.4, 95%CI 2.3-2.5 and the adjusted OR 1.8, 95%CI 1.7-2.0). In addition, we found that the presence of fibroids was associated with increased risks of breech presentation (6.9% vs. 3.5%, adjusted OR 1.3, 95% CI 1.2-1.5) and PPH (6.6% vs 3.7%, adjusted OR 1.2, 95%CI 1.1-1.4). The prevalences of placenta previa and PROM were higher in women with fibroids, but the differences were not statistically significant. Increased risks of preterm birth and placental abruption in women with fibroids compared to women without fibroids were not observed even after controlling for potential confounding factors of obstetric outcomes (Table 2) .
Uterine fibroids size was categorized into three groups (<2cm, 2-5cm, and >5cm). The rate of PPH were higher with increasing size of the uterine fibroid, and the difference was significant (P<0.001). The mode of delivery and placenta previa were different during the three groups of fibroid size (P<0.001 and P = 0.034). However, the uterine fibroid size did not affect the PROM, placental abruption, preterm birth (<37 weeks) and preterm birth (<34 weeks) ( Table 3) .
We compared the single fibroid group and multiple fibroids group. The mode of delivery is significantly different between women with a single fibroid and patients with multiple fibroids (P < 0.002), while the rate of cesarean section was higher in women with multiple fibroids compared with those with a single fibroid (89% vs 83.8%). Although women with multiple fibroids were more likely to have placenta previa compared with women with a single fibroid (2.6% vs 1.6%), this difference was not significant (P = 0.078). The rate of PPH was slightly higher in the single fibroid group than the multiple fibroids group, but the difference was not significant (6.7% vs 6.2%, P = 0.62) (Table 4) .
Furthermore, we compared the exact localization of uterine fibroids (intramural, submucosal or subserosal). The location of fibroid (intramural, submucosal or subserosal) have a statistically significant impact on the rates of PPH (5.6% [subserosal] vs 4.7% [submucosal] vs 8.6%
[intramural]). There was no difference in PROM or placental abruption between subserosal and intramural fibroids. Although women with submucosal fibroids and intramural fibroids had relatively higher rates of cesarean sections compared with patients with subserosal fibroids, this difference was not significant. There was no significant effect of the location of the fibroids on the rates of preterm delivery (< 37 weeks) and preterm delivery (< 34 weeks) ( Table 5) .
Discussion
With the increase in childbearing age, fibroids are becoming more common in pregnant women. The high prevalence of uterine fibroids in the general population makes the effects of uterine fibroids durithe antepartum, intrapartum, and postpartum periods highly remarkable. Breech presentation** 6.9 3. Data are % unless otherwise specified * excluding women with breech presentation, placenta previa and placental abruption, and controlling for maternal age, parity, body mass index, hypertensive disorder complicating pregnancy, prom, neonatal weight, gestational age at delivery determined by ultrasonography. ** After controlling for maternal age, parity, body mass index, hypertensive disorder complicating pregnancy, GDM, alcohol use, neonatal weight. In our study, 112,403 pregnant women in 39 hospitals in China were surveyed, and we confirmed that the presence of fibroids increased the risk of adverse obstetric outcomes. The prevalence of uterine fibroids in our Chinese study population was 2.68%, which is similar to the prevalence reported in previous studies [10, 13, 14, 17, 18] . As described in other studies, the presence of uterine fibroids was associated with advanced maternal age, gravidity, DM, GDM and HDCP [19] . We also found an association between uterine fibroids and BMI and smoking and alcohol assumption.
In our research, we confirmed that uterine fibroids were significantly associated with cesarean delivery in which the data of cesarean section only by maternal request has been removed, even after excluding diagnoses, such as placenta previa and placental abruption. Data from previous studies regarding these outcomes has been conflicting. Sheiner et al [19] reported a nearly 7-fold higher rate of cesarean delivery in women with uterine fibroids than in women without fibroids. Coronado et al [2] described a 6-fold higher rate of cesarean delivery in women with fibroids than in controls. Many studies [10, 18, 20, 21] have reported that uterine fibroids increased the risk of cesarean delivery. And the results of a study by Michels KA et al [22] supported the relationship between uterine fibroids and an increased risk of cesarean delivery, particularly with larger tumor volumes. However, several studies have also shown no increase in the risk of cesarean delivery in women with fibroids [23, 24, 25] . We found that the presence of uterine fibroids was associated with an increased risk for breech presentation (6.9% compared with 3.5%, adjusted OR 1.3, 95%CI 1.2-1.5). The relationship remained even after controlling for confounding variables such as maternal age, parity, body mass index, gestational hypertension, GDM, alcohol use and neonatal weight. We evaluated the subgroup of women with fibroids larger than 5cm and found an increased risk for breech presentation among women with large fibroids. Similarly, Qidwai et al describing an increased risk for malpresentation among women with uterine fibroids larger than 10cm compared with women with fibroid less than 10cm [10] .
Data from previous studies were inconsistent regarding the association between uterine fibroids and PROM. Stout M J et al [18] reported that women with uterine fibroids had higher rates of PROM than women without fibroids (3.3% vs. 2.4%, adjusted OR 1.3, 95% CI 1.0-1.7). In contrast, other studies have reported that PROM was not associated with uterine fibroids [10] , which is consistent with our research. Unlike the results of some previous studies [10, 18] , our study results showed no association between uterine fibroids and placental abruption or placenta previa.
In this study, we have not only concentrated on important outcomes, such as preterm delivery, mode of delivery, and postpartum hemorrhage, but also have tried to analysis these outcomes with different aspects of fibroids (size, number, location), which thus far has not been clearly elucidated from previous studies.
In the previous studies, the risk of postpartum hysterectomy has been demonstrated to be higher in women with uterine fibroids [21, 26] , and the risk of PPH are also higher in patients with fibroids [27, 28, 29] , while other studies showed no increase in the rate of postpartum hemorrhage in the women with fibroids [2, 30] . In our research, the presence of uterine fibroids was associated with a significantly increased risk of PPH (OR 1.9, 95%CI 1.6-2.2, P<0.001). The relationship remained even after controlling for confounding variables such as maternal age, parity, BMI, hypertensive disorder complicating pregnancy, GDM, placenta previa, placental abruption, mode of delivery and neonatal weight. The results of our study also show that not only the size but also its location in the uterus influences the risk of postpartum hemorrhage, while the number of fibroids has no effect on the risk of PPH. The association between different features of uterine fibroids and PPH has been discussed rarely in the previous studies and it should be useful for helping identify the risk of PPH in the pregnant women with fibroids.
Our study had some limitations. Because our study population was chosen strictly from secondary and tertiary hospitals, people who live in rural areas and people hospitalized at primary medical institutions were excluded. It is also a limitation of our study for lacking data about the extremely preterm birth (<28 weeks). Furthermore, there may have been some unidentified confounders, although we made great effort to account for all confounding factors.
The major strengths of our study are that it included a large study population and provided important data on maternal obstetric complications and perinatal outcomes in mainland China. In our research, all fibroids were identified during routine prenatal scan, while all of ultrasound data come from second trimester (18-22 weeks), because some uterine fibroids may be covered by the fetal body during third trimester. In this large retrospective study, more details about how obstetric outcome is influenced by different characteristics of uterine fibroids have been showed. The rate of PPH was positively correlated with the increasing size of uterine fibroid, and the location of fibroids also influence the risk of PPH. Mode of delivery was found to be influenced by the size and number of uterine fibroid. Such information may be useful in risk-stratifying pregnant women with fibroids.
Approximately 2.68% of pregnant women in mainland China have been reported to have uterine fibroids, which are related to increased risks of cesarean delivery, breech presentation and PPH. And more details have been discussed about obstetric outcome and different characteristics of uterine fibroids. We hope our study provides clinically useful data for helping clinicians counseling and treating women with uterine fibroids during pregnancy.
